Background: Gastroenteritis is a risk factor for irritable bowel syndrome (IBS), but its
| INTRODUC TI ON
Approximately 700 000 military personnel served in the Persian Gulf War (PGW) region during the 1991 Gulf War.
1 Up to 25% of Veterans had persistent symptoms which they suspected were related to their military service in the Gulf within 6 to 12 months after their return from the war. [2] [3] [4] Among the most frequent were gastrointestinal symptoms such as loose stools, excessive gas, and abdominal pain.
2, [4] [5] [6] These symptoms are typical of irritable bowel syndrome (IBS). 7 IBS is a functional bowel disorder characterized by abdominal pain associated with an alteration in bowel habits (diarrhea and/or constipation) in the absence of any structural or biochemical abnormality. 8 It is associated with a reduced quality of life (Q OL), and there is a significant economic burden. 9 The cause of IBS is not known but is likely to represent a heterogeneous group of disorders producing similar symptoms. 10 The speculated pathophysiological mechanisms of IBS include altered gut motility, visceral hypersensitivity, aberrant brain-gut and gut-brain interactions, psychological stress, and genetic predisposition. 11 A proposed triggering mechanism is acute infectious gastroenteritis, known as post-infectious IBS (PI-IBS);
PI-IBS subjects are more likely to have diarrhea and have a better prognosis than those with spontaneous IBS. 12 Overall, 7% to 30% of subjects develop IBS after an episode of gastroenteritis. 12, 13 Several factors have been shown to predispose to PI-IBS including the severity of the gastroenteritis, bacterial toxigenicity, hypochondriasis, depression, and adverse life events in the previous 3 months. 12 More than 50% of deployed military personnel developed acute gastroenteritis during the Gulf War in 1990-1991. 14 It therefore seems reasonable to speculate that GW Veterans with persistent abdominal pain and diarrhea following gastroenteritis during deployment develop PI-IBS. Furthermore, soldiers involved in combat are exposed to a highly stressful environment, perhaps making them more susceptible to persistent symptoms. Gastroenteritis may lead to IBS through multiple mechanisms including a change in the microbial flora, small intestinal bacterial overgrowth (SIBO), altered neuroplasticity in the enteric nervous system, immune activation, or a change in central processing mechanisms. 15 The role of SIBO in causing functional gastrointestinal disorders (FGIDs)
has not been studied before in GW Veterans. Furthermore, while gastroenteritis has been shown as a risk factor for IBS and dyspepsia, but its relationship to other FGIDs among GW Veterans is limited. 16 The overall goal of this project was to determine the prevalence of IBS and other (FGIDs) in PGW Veterans. The other objectives of the study were to determine whether gastroenteritis was a triggering factor leading to IBS and whether SIBO was associated with IBS in PGW Veterans.
| MATERIAL S AND ME THODS
We conducted a two-center cross-sectional study. The study was approved by the Institutional Review Board at the University of Utah and the University of Florida and the VA Medical Centers in Salt Lake
City, Utah and Gainesville, Florida.
| Study population
The study population consisted of Veterans from the Salt Lake City and North Florida/South Georgia Veterans Health Systems who served during the first Gulf War (August 1990 (August -1991 . The data were collected between 2006 and 2010. The sample consisted of deployed and non-deployed men and women veterans who were on active duty, in the reserves or National Guard during the duration of the GW. The initial list of GW Veterans was obtained from the Gulf
War Registry of the Veterans Affairs Medical Centers in Salt Lake
City, Utah and Gainesville, Florida. The Salt Lake City registry had a list of 655 Veterans, and the Gainesville registry, 3350 Veterans. GW Veterans were also recruited via newspaper advertisement, flyers, and walk-ins.
All data, including breath tests, were collected at a single time point which was about 16 years after the Persian GW ended. The following data were collected from all Veterans: (a) demographic characteristics (age, gender, service branch, deployment history, the region and duration of deployment, current education, occupation, and 
| Questionnaires
Bowel Disease Questionnaire was used to assess current GI symptoms including Rome III criteria. 17 This validated questionnaire contains 57 items relating to gastrointestinal symptoms. This questionnaire
Key Points
• There is limited information about the prevalence of functional gastrointestinal disorders (FGIDs) in relationship to deployment in Gulf War Veterans.
• There is an increase in the prevalence of FGIDs during deployment, and it persists after deployment. There is a further increase in the prevalence of FGIDs after deployment. In addition to IBS, gastroenteritis during deployment is a risk factor for dyspepsia and functional diarrhea post-deployment.
• 
| Classification of gastrointestinal disorders
Rome III criteria were used to define seven functional GI disorders.
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Criteria had to be fulfilled for the last 3 months with symptom onset at least 6 months prior to diagnosis.
IBS and its subtypes
Recurrent abdominal pain or discomfort at least 3 days/month in the last 3 months associated with two or more of the following: (a) improvement with defecation, (b) onset associated with change in frequency of stool, and (c) onset associated with change in form (appearance) of stool.
IBS with diarrhea (IBS-D): loose (mushy) or watery stools at least 25% and hard or lumpy stool <25% of bowel movements.
IBS with constipation (IBS-C): hard or lumpy stool at least 25% and loose (mushy) or watery stools <25% of bowel movements.
Mixed IBS (IBS-M): hard or lumpy stools at least 25% and loose (mushy) or watery stools at least 25% of bowel movements.
Functional Constipation (FC)
Must include two or more of the following in at least 25% of def- The Veterans with IBS and dyspepsia were excluded. 
| Small intestinal bacterial overgrowth
The lactulose breath test (LBT) was performed to assess small bowel bacterial overgrowth. It was performed following an overnight fast of at least 12 hours at the GI research laboratory at the VA Hospital, Salt Lake City, UT. Veterans were instructed to avoid beans, nuts, soy (tofu), cheese, pizza, mints, chewing gums, soda pop, or heavy meals (eg, steak) for dinner. Smoking after midnight was not allowed; no antibiotics were permitted for three weeks prior to LBT. After an initial baseline breath sample, Veterans in- 
| Data analysis
Study questionnaires were entered into a VA computer using a document scanner and the Cardiff TeleForm Desktop Processing
System. Hard copies of the questionnaires were available for verification. Two sample comparisons were performed using a chi-square test, Fisher's exact test, or Fisher-Freeman-Halton test, as appropriate, for unordered categorical variables. For ordered categorical variables, a Wilcoxon-Mann-Whitney test was used, and for continuous variables, an independent sample t test was used. Odds ratios were estimated with logistic regression. To control for potential confounding variables (eg, age, gender, marital status, employment, education and psychological factors), a forward stepwise multivariable logistic regression model was created. Given the cross-sectional nature of the data, these odds ratios should be interpreted as prevalence odds ratios.
Raw scores for the Global Somatic Index and three subscales were converted to age-and sex-adjusted T scores for comparison to non-patient community norms (mean, 50; standard deviation, 10).
The BSI-18 has been standardized based on a national community sample and has clinical T scores to define cases.
Given our sample size of n = 47 non-deployed and n = 413 deployed Veterans, and assuming a 20% prevalence of some symptom in the non-deployed, the study had 80% power to detect a difference between the two groups if the prevalence in the deployed Veterans was at least 40%, using two-sided α = 0.05 comparison. Specifically, for IBS, which had a prevalence of 41% in non-deployed, we had 80%
power to detect a difference if the deployed prevalence was 62%.
That is, the study had adequate power to detect an absolute 20% difference in prevalence.
| RE SULTS
Valid 
| Demographic characteristics
Most Veterans were men (89.54%) and were deployed abroad (89.8%). The ages ranged from 32 to 78 years (median 47 years) at the time of survey. The Veterans from Florida were more likely to be Navy; <45 years of age, retired, and less likely to have beyond college education compared to Utah (all P ≤ 0.04). Table 1 describes the demographic characteristics of deployed and non-deployed Veterans.
There was no difference in the prevalence of bowel disorders in Utah and Florida before and during deployment. After deployment, more Veterans from Utah than Florida reported nausea (P = 0.04).
| Functional gastrointestinal disorders before and during deployment and current prevalence
One or more of the FGIDs: IBS, functional dyspepsia, functional constipation, functional diarrhea, nausea, vomiting, and bloating were reported by n = 300 (64.2%) of Veterans. There was no difference in the prevalence of bowel disorders in deployed vs non-deployed Veterans (64.2% vs 70.2%, P = 0.07) 16 years after deployment. Table 2 describes the prevalence of bowel disorders: (a) before deployment, (b) new onset of bowel disorders during deployment, and (c) 16-year post-deployment persistence of bowel disorders which developed during deployment, (d) new onset of bowel disorders reported after deployment, and (e) total current prevalence of bowel disorders in deployed and non-deployed Veterans. All bowel disorders increased in prevalence during deployment. New onset of functional diarrhea (16.5%) was the most common FGID during deployment followed by dyspepsia (14.1%) and IBS (10.9%).
| Overlap among functional gastrointestinal disorders
Dyspepsia (31.2%) and IBS (30.5%) were most common disorders and had significant overlap between them. Among Veterans with IBS, 48% also had dyspepsia, and 46% with dyspepsia also had IBS.
Dyspepsia was present in 46.9% of Veterans with functional diarrhea and 36.7% with functional constipation. Bloating was common among Veterans with IBS (42%) and dyspepsia (59%). Functional bloating, that is, bloating in the absence of IBS and dyspepsia was rare (3.5%).
| Risk factors for functional gastrointestinal disorders
IBS was not associated with age, gender, or marital status. Because of smaller number of Veterans with nausea and vomiting, they were combined to create a single variable. Nausea/vomiting was more common in female Veterans and those less than 50-years of age.
Non-working or disabled Veterans were more likely to report IBS, dyspepsia, bloating, nausea/vomiting (Table 3) . 
| Psychological disorders with functional gastrointestinal disorders
The Veterans with IBS, dyspepsia, functional diarrhea, and functional constipation compared to with those without these disorders post-deployment were more likely to report psychological disorders (depression, anxiety, somatization, and global symptom index) (Figure 3) . Similarly, Veterans with PI-IBS compared to non-PI-IBS, and PI dyspepsia compared to non-PI dyspepsia, reported higher scores for all psychological disorders (all P = 0.001).
| Extra-intestinal symptoms with functional gastrointestinal disorders
The following extra-intestinal symptoms were associated with post-deployment IBS after adjusting for age, gender, and psychological distress: headache, fatigue, general stiffness, and joint pain.
The Veterans with dyspepsia were more likely to report insomnia, general stiffness and hot and cold spells. Functional diarrhea and functional constipation were not associated with extra-intestinal somatic symptoms (Table 4 ). More Veterans with FGIDs than those without FGIDs reported autonomic symptoms of hot and cold spells (34.8% vs 13.2%, P < 0.001) and dizziness (36.1% vs 11.4%, P < 0.001).
TA TA B L E 2 Prevalence of functional bowel disorders in deployed and non-deployed Veterans Difference between total deployed and non-deployed; two rightmost columns are all non-significant (all P ≥ 0.20).
| Quality of life and functional gastrointestinal bowel disorders
The Veterans with IBS and dyspepsia, compared to those without these disorders, reported lower scores on all measures of QOL 
| Lactulose breath test for small bowel bacterial overgrowth
A LBT was offered to all GW Veterans participating in the survey in Utah. A total of 135 Veterans completed the test. The Veterans who currently had IBS were more likely to have positive hydrogen LBT vs those without IBS (Table 5 ). Methane LBT was more likely to positive in those with bloating, functional diarrhea, functional constipation, and nausea/vomiting. However, none of these measurements were significantly different ( Table 5 ). The hydrogen LBT had low sensitivity (75.6%) and specificity (42.5%) for IBS. 
TA B L E 3 Risk factors for functional gastrointestinal disorders in Deployed GW Veterans (OR a , 95% CI, P)

IBS (n = 148)
Dyspepsia
| D ISCUSS I ON
This study demonstrates several new findings. Firstly, FGIDs commonly develop during development and tend to persist after deployment. Secondly, gastroenteritis during deployment was a major risk factor for IBS, dyspepsia, and functional diarrhea. Interestingly, many of the GW Veterans developed symptoms but only after deployment. FGIDs in Veterans are also associated with psychological disorders and reduced QOL.
The prevalence of GI symptoms in GW Veterans has been reported to be high in several other studies. A study in 1995 on Air
Force National Guards in Pennsylvania and subsequent populationbased studies on GW Veterans across the United States showed that IBS symptoms of chronic diarrhea, constipation, gas, bloating, and abdominal pain were more frequent among deployed vs nondeployed GW Veterans. 4, 6, [27] [28] [29] [30] The self-reported prevalence of IBS (OR 3.57, 95% CI 2.22-5.73) was found to be more common in deployed than non-deployed GW Seabees in a survey of 12 000 GW Veterans. 31 Eisen and colleagues compared the health of deployed and non-deployed PG veterans 10 years after the war and found that dyspepsia (OR 1.87, 1.16-2.99) was significantly more common in deployed than non-deployed veterans. 32 None of the above studies used fixed criteria to diagnose IBS or dyspepsia which may account for the differences compared to our study. In our study, Rome III criteria were used to diagnose all GI disorders. The importance of gastroenteritis and travel abroad in the pathogenesis of IBS and dyspepsia is increasingly recognized. [33] [34] [35] However, the role of gastroenteritis as risk factors for other FGIDs is less known. During the Persian Gulf War, 57% of troops reported at least one episode of diarrhea and more than 50% of military personnel developed acute gastroenteritis while on duty. 14 Gastroenteritis during deployment was reported by 51% of Veterans in our study. Trivedi and colleagues evaluated the role of gastroenteritis during deployment as risk factor for FGIDs in military personnel returning from a Turkey and Egypt. Gastroenteritis during deployment was a non-significant risk factor for IBS, dyspepsia, bloating, and functional diarrhea. 16 In our study using validated questionnaires, we found that Veterans who report gastroenteritis during deployment were more likely to report IBS, dyspepsia, and functional diarrhea. Functional bloating and functional constipation were not associated with gastroenteritis.
Our study demonstrated that a significant number of Veterans, who do not report symptoms of FGIDs during deployment, report after deployment. This delayed occurrence of IBS, the absence of GI symptoms during acute stress of war, and a higher prevalence during peacetime has also been reported in a study from Germany and raises the issue of whether post-traumatic stress disorder may be playing a role.
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Psychological characteristics of the individual and social support have been implicated in the onset of IBS. 37 The psychological trauma during deployment may lead to job loss, divorce, and financial difficulties postdeployment which may predispose the Veterans to develop or report FGIDs post-deployment. It is also possible that during wartime soldiers are too occupied in the mission to report minor GI symptoms. The delayed occurrence could also due to factors unrelated to deployment.
In our study, there was no difference in prevalence of FGIDs in deployed and non-deployed Veterans 16 years after initial deployment. This may be due to the small number of non-deployed Veterans in our study. It is also possible that non-deployed Veterans had gastroenteritis or developed risk factors similar to deployed Veterans.
Furthermore, non-deployed Veterans were under constant threat of deployment and psychological stress. The lack of difference between deployed and non-deployed Veterans in our study may be a function of time lag since the war. Other longitudinal studies of GW Veterans have shown that the difference in prevalence of deployed and non-deployed Veterans decreases over time. 38 A well-designed longitudinal study will be truly able to address the effect of deployment on FGIDs. Psychological disorders were associated with IBS, dyspepsia, functional diarrhea, and functional constipation in our study. The association of psychological stress and FGIDs has been evaluated previously in GW Veterans. In a study of female Veterans, IBS and dyspepsia were strongly associated with depression, anxiety, and PTSD. 39 Psychological stress is also known to play a part in post-infectious FGIDs. In a retrospective case-control study of GW Veterans deployed during the 2008-2009 conflict, the investigators did not find stress as a risk factor for PI-IBS. 40 In our study, GW Veterans with PI-IBS and PI dyspepsia had more severe psychological disorder than those without these disorders. In civilian populations, psychological symptoms were found to be a risk factor of PI-IBS in some studies but were not a risk factor in the Walkerton Health Study. [41] [42] [43] The present study, consistent with literature, found that Gulf
TA B L E 4 Extra-intestinal symptoms in deployed GW Veterans with FGID (OR (95% CI)
War Veterans with FGIDs have reduced QOL.
16,44
The high prevalence of medical disorders from different domains in GW Veterans has been described before. 30, 31 However, this is the first study to demonstrate association between IBS and somatic extra-intestinal symptoms in GW Veterans. In this study, IBS and dyspepsia were associated with somatic extra-intestinal symptoms.
The association of FGIDs with dizziness, hot, and cold spells will suggest involvement of autonomic nervous system in GW Veterans.
Other studies have also demonstrated association of autonomic dysfunction in Veterans with GW illness. 45, 46 The high prevalence of psychological disorders and presence of symptoms suggestive of autonomic nervous system involvement would suggest that FGIDs in GW Veterans is a systemic disorder involving both central and autonomic nervous system.
Overlap among FGIDs in GW Veterans is not well established.
Our study shows that there is considerable overlap among the FGIDs. IBS and dyspepsia coexisted in 48% of Veterans. Functional bloating (bloating with absence of IBS and dyspepsia) was rare (3.5%). Previously research in civilian population has also demonstrated overlap among functional bowel disorders. 47 Significant overlap between bowel disorders and coexistence with extra-intestinal somatic symptoms suggest that they represent a common disorder with shared pathophysiology. However, the pathophysiological explanation for FGIDs remains to be clarified, but visceral hypersensitivity, abnormal brain-gut and gut-brain communication, and immune activation have been implicated in subsets. 48 The presence of visceral hypersensitivity in GW Veterans has been described; psychological factors likely contribute to but seem unlikely to be the sole factor in inducing visceral hypersensitivity or pain. 49 Lactulose breath test has been evaluated to diagnose SIBO and symptoms of IBS in civilian population. However, the role of SIBO and breath tests has not been previously evaluated in GW Veterans.
In our study, hydrogen LBT was more likely to be positive in patients with than those without IBS. Among Veterans with IBS, a higher proportion with than without IBS-D had a positive LBT. The hydrogen LBT had low sensitivity/specificity for IBS and was not of diagnostic value. A meta-analysis of 11 studies showed that the breath hydrogen is more likely to be positive in patients with IBS than non-IBS.
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On the other hand, Bratten and colleagues in a study of 224 patients with IBS and 40 controls demonstrated that hydrogen LBT could not differentiate between IBS and controls. 25 Several studies have found a correlation between methane production and constipation. 51 We 
did not find a significant association between breath methane test and constipation. Similar to our findings, a study of 103 patients with IBS and 28 control subjects, methane production was not associated with gastrointestinal transit and clinical presentation of IBS. Another study also found no association between breath methane and constipation but found a relationship between colon microbiota and colon transit. 52 Other studies also suggest that LBT lacks sensitivity and specificity in the diagnosis of SIBO. 53, 54 There is evidence that gut microbiota is involved in the pathogenesis of IBS but LBT may not reflect the lower gut microbiota in IBS. 55 This study was performed prior to the North American consensus conference on breath tests and used most but not all the criteria described by them.
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There are some limitations of our study. The study was conducted 16 years after deployment in the war and there is a problem of a long recall period. The study questionnaires were not specifically designed to inquire about subjects' well-being several years after the event (war). The lower prevalence of functional bowel disorders prior to deployment in our study is likely due to military personnel being younger and healthier. All symptoms were self-reported and recall bias may be a problem in our study. Our study population mainly consisted of Veterans enrolled in Gulf War Registry. These Veterans were more likely to be deployed and serve in active combat. Veterans who agree to participate may represent a biased sample who are more likely to report symptoms. 57 The higher prevalence of bowel disorders after the PG War may be due to increased health care utilization and higher reporting by Veterans. The sample size of non-deployed veterans in this study was small, which limited the statistical power to demonstrate prevalence differences between non-deployed and deployed Veterans.
In conclusion, our current study demonstrates that FGIDs are common in GW Veterans. Most of the bowel disorders increase in prevalence during deployment and persist long after deployment.
However, there is a significant subset of Veterans presently suffering from FGIDs who acquired them after deployment. Gastroenteritis during deployment was a risk factor for IBS, dyspepsia, and functional diarrhea. SIBO, as measured by LBT, had poor sensitivity and specificity in diagnosing FGIDs. It has been suggested that gastroenteritis induced changes in gut microbiome, rather than SIBO, may be inducing IBS.
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The new findings in our study are important as they suggest prevention of acute gastroenteritis during deployment and screening of
Veterans for FGIDs post-deployment would be of value for Veterans' health long term. 
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